Introduction
Approximately 3 billion people worldwide burn solid biomass fuels (SBFs; agricultural residue, cow dung cake, wood, coal, etc) in inefficient and highly polluting traditional cookstoves used for cooking purposes. [1] [2] [3] These cookstoves are used in inadequately ventilated indoor kitchens resulting in an elevated concentration of pollutants and increased exposure level experienced by household members. 4 Thus, it leads to adverse human health effects. According to the latest Global Burden of Disease Study (2016) and World Health Organization (WHO), pre-mature deaths attributable to household air pollution (HAP) varies between 2.6 and 3.8 million. [5] [6] [7] [8] [9] Air pollution has been linked to various non-communicable diseases (NCDs), including chronic obstructive pulmonary disease (COPD), stroke, lung cancer, etc, and is an important risk factor for them. Furthermore, among women COPD and among children, aged <5 years, acute respiratory infections (ARIs) contributes mainly to the disease burden. 6, 7 Household air pollution is ranked among the top 5 preventable risk factors leading to Global Burden of Disease. 10 Considering the adverse 2 Air, Soil and Water Research smoke in India and other parts of the world. [25] [26] [27] [28] [29] [30] The prevalence of smoking among Indian women is low (3.4%) in comparison to men (26.25%); however, the prevalence of COPD found to be equivalent in both women (1.2%-19%) and men (2%-22%). 20, 31, 32 Thus, in Indian rural settings, SBF exposure may be a leading risk factor for COPD in women. 33, 34 Many efforts have been made in the past to measure the effect of exposure to SBF on pulmonary functions. Spirometric measurements, along with the respiratory questionnaire, are recommended to be the basic tool for diagnosis of respiratory illnesses. [35] [36] [37] Based on these recommended tools, Abbasi et al 35 carried out a cross-sectional survey in a rural community setting by using the American Thoracic Society (ATS) questionnaire (ATS-DLD-78A) and by conducting spirometric measurements. Previous studies have compared the exposure to mixed fuels (households using both SBF and LPG in combination) and LPG in outcomes on asthma, bronchitis, and respiratory symptoms. 38, 39 Literature suggests higher risk in using mixed fuel rather than using SBF alone. 22 However, other studies report a higher risk among SBF users. 36, 40 Although evidence exists that HAP increases the risk for respirable diseases, the impact of clean fuel intervention on lung function is lacking. Thus, improvement in respiratory health status (lung function and symptoms) associated with clean fuel use need to be evaluated to extend the scope of clean fuel programmes such as PMUY. Considering this, this study was conducted to know the prevalence of respiratory symptoms and to comparatively assess the lung function of women using SBF, mixed fuel, and LPG in rural households of Punjab.
Methodology
The study includes spirometry examination and collection of detailed personal and household information using a standard questionnaire. Study participants from Khera block of district Fatehgarh Sahib, Punjab, were interviewed using a standard respiratory questionnaire based on the ATS (1978) and a household questionnaire was adapted from WHO methods for 'evaluation of household energy and health interventions'. 37 The initial household assessment included a study on fuel use, and consumption pattern as detailed by Kaur-Sidhu et al. 4 Study participant recruitment criteria were non-smoking women aged between 30 and 60 years. The questionnaire and visual inspection method along with 24 hour daily activity pattern recall data in hourly increments of the participants were obtained to determine primary fuel/cookstove used, cooking/non-cooking periods, and housing and kitchen characteristics. Potential confounders, pathway variables were controlled by selecting the participants from the same socioeconomic status and only non-smoking women with the same occupational status in the study.
The 65 study participants were divided into 3 groups, namely, LPG/Clean fuel users (15) , mix fuel users (15) , and SBF users (35) . Users were categorized based on fuel type assessed from the questionnaire, and the same was confirmed during the field observation. The clean fuel users were exclusively using only LPG; those using only SBF were exclusive SBF users and those using both LPG and SBF were categorized in mixed fuel. One way analysis of variance (ANOVA) was used to determine the differences between the various groups (SBF, mix fuel, LPG).
Health assessment questionnaire included a detailed history of symptoms including cough, phlegm, cough with phlegm, wheezing breath, chest pain, shortness of breath, nasal obstruction, nausea, etc. Study participants performed spirometry with a calibrated portable electronic handheld spirometer (Micro-Medical Limited, UK) in accordance with ATS recommendations. 15, 31, 39, 41 Study subjects performed at least 3 forced expiratory manoeuvres, and the highest values for FVC and forced expiratory volume in the first second of expiration (FEV 1 ) were recorded and compared with predicted norms. Subjects with decreased FEV 1 /FVC ratio (observed value < 0.7) were categorized as having an obstructive defect, whereas those with normal FEV 1 /FVC but decreased FVC were categorized as having a restrictive defect. Quality assurance was ensured by conducting frequent equipment calibration and by ensuring that expiratory manoeuvres met acceptability and reproducibility criteria as described in the standardized methodology guidelines by ATS. Data for age, sex, and height were entered before conducting the spirometry analysis. Height of each subject was measured with the subject standing bare feet on the floor.
The results of the women cook were described concerning COPD severity into the following cases: normal, mild, moderate, and severe as detailed in Global Initiative for Chronic Obstructive Lung Disease (GOLD). 39 Further based on the prevalence of self-reported respiratory symptoms using the SPSS software package (IBM SPSS Statistics 18), statistical analysis was done. One way ANOVA was used to determine the difference between the groups at 5% level of significance. Chi-square test was also performed at 5% and 1% level of significance for the prevalence of respiratory symptoms in different groups.
Results and Discussion

Prevalence of respiratory symptoms
Cough and chest pain. Cough was found to be more prevalent in SBF users (54.3%) as compared with mix fuel users (26%) and LPG users (20%). The difference was found to be significant (P < .05). Desalu et al 43 described symptoms of cough (13.7% vs 3.7%) and chest pain (7.5% vs 1.9%) 3-fold higher in SBF using women than those using non-SBF. However, the exposure to HAP was not significantly found to be associated with chest tightness in this study.
Phlegm and cough with phlegm. The prevalence of phlegm and cough with phlegm is shown in Table 1 . The analysis shows that SBF users have more prevalence of cough and phlegm Kaur-Sidhu et al 3 (20%), but no significant difference was observed in mix fuel user groups (13%) as compared with LPG users. Regalado et al 42 reported that women exposed to SBF smoke have more frequent phlegm and cough with phlegm incidences in comparison to those cooking with gas.
Wheezing. The sound of whistling while breathing, called wheezing, was more prevalent in SBF users (31%) as compared with the other 2 groups (LPG 13%, mix fuel users 20%). In a Mexican study, 46% of women exposed to SBF reported having wheezing problem as compared with 21% biogas users. 42 Headache and nausea. More than 75% of SBF users reported headache. Prevalence of headache was more common in SBF users, and the difference was also found to be significant (P = .02). Headache prevalence among mix fuel users and LPG users was 67% and 33%, respectively. Carbon monoxide released from incomplete combustion of SBF is reported to cause various short-term health effects including headache, dizziness, nausea, etc. [43] [44] [45] Symptoms of nausea were present in >15% in women who cooked exclusively with SBF against 6% in women using clean fuels.
Eye irritation and blackout. Solid biomass fuel users had more prevalence rate of having eye irritation and the occurrence of frequent blackouts. The occurrence of both these symptoms was found to be highly statistically significant (P = .01). West et al 46 summarized the evidence of the high prevalence of blindness and various other diseases (cataract, dry eye disease, age-related macular degeneration, etc) in women exposed to SBF combustion.
Joint pain. These symptoms were not found to be much associated with the type of fuel usage. The results indicate that symptoms were not statistically significant (Table 1) . Hence, a detailed study is required to identify the association between joint pain and SBF uses.
Dizziness. Dizziness was highly present among SBF users (63%), as compared with mix fuel users (33%) and LPG users 
Lung function assessment
The study presents the results of lung function test measured by spirometry. In the SBF using group, 25 of 35 subjects (71.4%) had a normal pulmonary function. Of the 10 subjects with abnormal spirometry (Table 2) 4, 47, 48, 69 Statistically, a significant difference was found in FEV 1 , whereas for FVC, the difference was not significant (P = .08). Moreover, the proportion of subjects with obstructive defects was higher among SBF and mix fuel users, as compared with LPG users. Hence, it could be inferred that the exposure to SBF pollutants had more effect on airflow limitation rather than the total lung volume of women cooks. Similar findings were reported from rural Mexico by Regalado et al, 42 about 2.8% adjusted decline was seen in FEV 1 /FVC ratio among SBF users. Reddy et al 49 reported that burning of SBF in poorly ventilated kitchens contributes to chronic bronchitis. In agreement with this study, several studies from developing countries also identify the linkage between SBF use and COPD. 4, 46 Similarly, a study from North India, by Behera and Jindal, 47 on respiratory health of approximately 3700 women using various types of cooking fuels suggested that women relying on mixed fuel reported 16.7% occurrence of respiratory symptoms in comparison to LPG users (9.9%). Other studies originating from developing countries have recognized a linkage between SBF uses and COPD. [48] [49] [50] Reduced lung function parameters among SBF users have been reported from North India (Haryana, Delhi). 4, 48, 50, 51 Women using SBF as primary fuel showed a decline of 7.62% in FEV 1 /FVC ratio in comparison to clean fuel users. [52] [53] [54] [55] Gupta and Kaul 56 also reported a considerable reduction in lung function values among the population dependent on SBF. Sana et al 16 summarized available studies on potential health risk associated with SBF uses and suggested to identify the chemical constituents of HAP for better understanding of biomass exposure and the onset as well as aggravation of respiratory diseases. Table 4 summarizes various epidemiologic studies providing an association between SBF use and impaired lung functions. Present study results also indicate that the decrease in lung function has some associated with the exposure to SBF smoke in Khera SBF vs clean fuel: the way forward. The study observes a higher prevalence of respiratory symptoms and lung function capacity impairment in SBF users as compared with clean fuel (LPG), users. This urges to have a greater emphasis on clean fuel programmes to improve the health of women cooks. As highlighted by Ravindra and Smith, 11 recently Government of India has launched various schemes to extend the uses of clean fuel such as PMUY, including Give-it-Up (GiU), and Pratyaksha Hastaantarit Laabh (PAHAL)-Direct Benefits Transfer for LPG (DBTL). These programmes helped to significantly increase the adoption of clean fuels, especially in lower-middle-income families and mainly in urban areas. 11, 66 However, LPG uptake in rural areas remain a major challenge due to various behavioural, social, cultural, and economical factors such as taste, safety, refilling cost of LPG cylinder, and doorstep delivery. 3, 70 Hence, there is a need to extend the scope of clean fuel programme in rural and geographically inaccessible areas. Further, better understanding of the various health risks associated with the uses of SBF to be studied using advance modelling approaches. 67 Awareness activities about the adverse impact of HAP should be conducted to minimize the burden of respiratory diseases including the NCDs. This would bridge the gender disparity, end the drudgery of fuel collection and help in empowering marginalized women. Extension of clean fuel programme also provides an opportunity to timely attain Sustainable Development Goals (SDGs), which focus on gender equality, clean energy, better environment, and health for all.
Conclusions
The findings of this study indicate that SBF users have a reduction of lung functions than LPG users. Study data provide evidence on the association between clean fuel use and improved lung function. Lung function abnormalities were identified in 28% of SBF users, 13% in mix fuel users against all normal among clean fuel users. Furthermore, it was found that respiratory symptoms such as cough, headache, dizziness, eye irritation, and blackout were found to have more occurrence in women cooks using only SBF. The risk of respiratory diseases increases with the type of fuel used, ie, highest with SBF followed by mixed fuel use and having the lowest in LPG users. Forced expiratory volume in the first second of expiration ratio among LPG group was found to be more than 80% whereas in SBF users it was significantly reduced. No significant reduction was found in the FVC values of SBF users. The fair decline in FEV 1 values was observed among the SBF user group. Results indicate that use of SBF for cooking purposes increases the risk of COPD in women cooks. Extending community-wide adoption of LPG under PMUY may help to reduce the burden of respiratory and other NCDs. Hence, there is a need to increase the scope of clean, fuel programme by engaging and creating community awareness on harmful health effects of SBF uses to avert diseases pertaining to HAP and timely achieve SDGs.
Limitations of the study
The sample size for the study is small in comparison to the population size of the region. Further work can be done on comparatively large population for obtaining better statistically significant results. Other limitations are those associated with cross-sectional studies and issues with self-reported data. Selfreported symptoms are subjected to recall bias, self-reported replies may be overstated; respondents may be hesitant to reveal private details, which further may affect the results. 67 Also several false positives and false negatives are expected in similar surveys using self-reported measures. 68 
